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S U M M A R Y
Objective: The aim of this study was to evaluate the ultrasonographic images of patients with chronic
knee pain and serologic features of Lyme disease.
Methods: Seventy-six patients hospitalized in The Department of Infectious Diseases and Neuroinfec-
tions of the Medical University in Białystok, Poland were included in the study. Patients were divided
into two groups: (1) the Lyme disease group included patients with pain in one or both knees and anti-
Borrelia burgdorferi antibodies with symptoms lasting for over 6 months; (2) the control group included
patients suffering from pain in one or both knees for over 6 months, but for whom B. burgdorferi infection
was excluded.
Results: The most frequent ultrasonographic ﬁnding in the Lyme disease group was effusion, and its
frequency was signiﬁcantly higher than in the control group. No patient in the control group presented
with synovitis or cartilage damage, while these were quite frequent ﬁndings in the Lyme disease group.
Baker’s cysts were more frequent in the Lyme disease group, but this was statistically non-signiﬁcant.
Conclusions: Ultrasonography may be useful in following the sequelae of Lyme disease. The
abnormalities found in Lyme disease patients are non-speciﬁc and ultrasonography is not useful in
the differential diagnosis.
 2012 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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jou r nal h o mep ag e: w ww .e lsev ier . co m / loc ate / i j id1. Introduction
Lyme disease is a multisystemic disease caused by the
spirochete bacterium Borrelia burgdorferi.1 One of the most
frequent manifestations of Lyme disease is Lyme arthritis.2,3 In
Europe, where Borrelia afzelii and Borrelia garinii are the most
common causes of Lyme disease, the symptoms of arthritis are
present in 3–15% of Lyme disease cases.4,5 According to Steere,
Lyme arthritis caused by B. afzelii and B. garinii takes a milder
course with less intense joint inﬂammation than Lyme arthritis
caused by B. burgdorferi.6 The disease usually affects a single large
joint: the knee (90%), shoulder, elbow, or hip. It may affect all
structures of the joint – synovial membrane, cartilage, ligaments,
tendons, muscles, and bones.7 Baker’s cysts occur and can rupture
if not aspirated.3
Of importance in the pathogenesis of Lyme disease is the
inﬂuence of B. burgdorferi on lymphocytes and macrophages,
which results in inﬂammatory cytokine production. This process
leads to a loss of balance between synthesis and degradation of
joint tissue and remodeling of extracellular matrix. The remodeling* Corresponding author. Tel.: +48 85 740 95 14; fax: +48 85 740 95 15.
E-mail address: annamoniuszko@op.pl (A. Moniuszko).
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doi:10.1016/j.ijid.2011.12.004process may be accompanied by an increase in production of
proteolytic enzymes and their inhibitors. This results in synovial
membrane hypertrophy and cartilage and bone subchondral layer
destruction (bone resorption by osteoclasts is induced by tumor
necrosis factor (TNF) produced due to e.g. spirochete activity).8–10
Lyme disease may be difﬁcult to distinguish from other disease
processes.11 Unlike other forms of infectious arthritis, Lyme
arthritis is only occasionally associated with fever or constitutional
symptoms, and is less painful. Lyme arthritis may resemble
spondyloarthropathy or pauciarticular juvenile rheumatoid arthri-
tis when it is oligoarticular.1,7 Lyme arthritis should be considered
in the evaluation of patients with monoarticular or pauciarticular
joint complaints in geographic areas where Lyme disease is
endemic.11 The diagnosis of Lyme disease is based on serologic
tests (ELISA followed by Western blot).12,13
Lyme disease may lead to sequelae such as arthritic changes.
The assessment of joint changes is done either by arthroscopy or by
imaging examinations such as ultrasonography (USG) or magnetic
resonance imaging (MRI). As arthroscopy is an invasive method
and MRI has limitations, such as high cost and low accessibility (as
is currently the case in Poland), USG might be a good alternative.
Therefore knowledge of the ultrasonographic changes observed in
Lyme disease patients may be helpful in managing patients with
this disease.ses. Published by Elsevier Ltd. All rights reserved.
Table 1
Comparison of ultrasonography ﬁndings in knee joints of Lyme disease group and control group patients
Lyme disease group (n = 60) Control group (n = 16) p-Value
One knee Both knees Overall One knee Both knees Overall
n % n %
Effusion 13 30 43 71.7 1 1 2 12.5 <0.05
Synovitis 8 12 20 33.3 0 0 0 0 <0.05
Baker’s cyst 8 10 18 30 2 1 3 18.8 NS
Cartilage damage
Grade I (no cartilage damage) 0 38 38 63.3 0 16 16 100 NS
Grade II 1 17 18 30 0 0 0 0 <0.05
Grade III 2 2 4 6.7 0 0 0 0 <0.05
Grade IV 0 0 0 0 0 0 0 0 NS
NS, not signiﬁcant.
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of patients with chronic knee pain and serologic features of Lyme
disease.
2. Materials and methods
Seventy-six patients hospitalized over a 24-month period in
The Department of Infectious Diseases and Neuroinfections of the
Medical University in Białystok, Poland with a suspicion of Lyme
disease were included in the study. We examined all hospitalized
patients with a history of knee pain for over 6 months. All the
patients were inhabitants of Podlaskie Voivodeship, which is
considered to be an area endemic for tick-borne diseases, with an
annual incidence of Lyme disease of 76 cases per 100 000.14 The
whole group had a history of multiple tick bites prior to the onset of
symptoms and were hospitalized because of a suspicion of Lyme
disease, which is a common cause of joint pain in this region. None
of the patients had previously been treated for Lyme disease. Also
none of the patients had had a diagnosis of osteoarthritis, although
the majority of these patients had no history of previous
radiological examination. We excluded from the study patients
with rheumatoid arthritis and autoimmune diseases (based on
clinical picture and anti-cyclic citrullinated peptide antibody (anti-
CCP), antinuclear antibody (ANA), and antinuclear cytoplasmic
antibody (ANCA) tests). In addition, patients with malformations of
the limbs that could affect imaging examinations were also
excluded.
An ELISA test to detect anti-B. burgdorferi antibodies was
performed in all patients, and, if necessary, conﬁrmed with
Western blot. IgM and IgG class anti-B. burgdorferi antibody
concentrations were measured using ELISA kits (Biomedica,
Austria). Results of >11 Biomedica Borrelia units (BBU)/ml were
considered positive. All patients in the Lyme disease group had
positive results for IgG class antibody. The conﬁrmation test –
Western blot – was performed using Recom Blot Borrelia IgM, IgG
kits (Mikrogen, Germany).
Patients with a serologically conﬁrmed B. burgdorferi infection
were included in the Lyme disease group. The remaining patients
were included in the control group. The Lyme disease group
included 60 patients (26 women and 34 men, mean age = 49  12
years) and consisted of patients with pain in one or both knees who
were diagnosed with Lyme disease. The control group included 16
patients (seven women and nine men, mean age = 43  16 years) and
consisted of patients who suffered from pain in one or both knees, but
for whom B. burgdorferi infection was excluded.
Research was based on the scientiﬁc program of the Medical
University in Białystok (No. 3-45701L; February 20, 2006).
Bioethics committee approval was obtained (No. R-I-003/300/
2005).Ultrasound scans of the knee joint were performed using a
Nemio 9 Machine (Toshiba, Japan) with linear array (6–12 MHz).
The ultrasound analysis was performed by an ultrasonographer
blinded to the patient’s Lyme disease status.
Patients were examined according to The European League
Against Rheumatism (EULAR) guidelines, in a prone and supine
position, with a ﬂexed and extended knee, and with tense or
relaxed four-headed muscle of the femur depending on the section
plane. Both joints were examined in standard scans: suprapatellar
longitudinal, suprapatellar transverse in maximal ﬂexion, 458
ﬂexion and with knee extended, infrapatellar longitudinal, medial
longitudinal, lateral longitudinal, posterior medial longitudinal,
posterior lateral longitudinal, and posterior transverse.15
The parameters measured were: effusion in the suprapatellar
recess (deﬁned as effusion depth 4 mm), synovial thickness
(synovitis was deﬁned as synovial thickness 4 mm and diffuse or
nodular appearance),16 and damage of the articular cartilage of
femur condyles according to the Outerbridge scale (grade I:
softening and swelling of the articular cartilage visible on
arthroscopy, but not visible on USG; grade II: partial destruction
of the articular cartilage surface (<50% of its thickness) and
shallow erosions and blurred cartilage surface visible on USG;
grade III: destruction of the articular cartilage surface (>50% of its
thickness), but without exposure of subchondral bone, and deep
erosions visible in the articular cartilage on USG; grade IV:
exposure of subchondral bone, erosions in subchondral bone).17
Only the femur was evaluated by ultrasound for cartilage changes.
Groups were compared using the Mann–Whitney U-test and
correlations were measured using the Spearman rank test. A p-
value of <0.05 was considered statistically signiﬁcant.
3. Results
The most frequent ultrasonographic ﬁnding in the Lyme disease
group was effusion. This was present in 43 of 60 patients (71.7%).
The effusion was moderate (5–9 mm) in 35 patients (58.3%) and
above 10 mm in eight patients (13.3%). The frequency of effusion
was signiﬁcantly lower in the control group than in the Lyme
disease group; only two patients (12.5%) in the control group had
effusion.
No patient in the control group presented with synovitis or
cartilage damage, while these were quite frequent ﬁndings in
the Lyme disease group. Baker’s cysts were more frequent in the
Lyme disease group, but this was not statistically signiﬁcant
(Table 1).
In the Lyme disease group, cartilage damage correlated with
patient age. The presence of effusion in the suprapatellar recess
correlated with the presence of Baker’s cyst in both study groups
and with the presence of synovitis in the Lyme disease group
(Table 2).
Table 2
Correlations of measured parameters in Lyme disease group and control group
patients
Spearman rank test Lyme disease
group
Control group
r p-Value r p-Value
Cartilage damage vs. age 0.4 <0.05 NS
Effusion vs. age NS NS
Effusion vs. Baker’s cyst 0.3 <0.05 0.8 <0.05
Effusion vs. synovitis 0.5 <0.05 NS
NS, not signiﬁcant.
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There is increasing evidence of the validity of USG in detecting
the structural pathology in arthritis.18 Advantages of USG include
its availability and multiplanar capability, as well as low cost. USG
is especially useful in the detection of effusion in joints, bursae, and
tendon sheaths in the course of an inﬂammatory process. Moss
et al. and Jacobson et al. proved that, as far as the big joints are
concerned, USG has an advantage over physical examination and
may reveal even small effusions of 1–2 ml.19,20 Additionally,
according to studies conducted by EULAR researchers, USG of knee
joints is the most useful diagnostic tool in the evaluation of
synovitis. USG with the power Doppler function and with the use of
contrast, which enables blood vessel imaging in the synovial
membrane, has sensitivity comparable to MRI.21,22 Three-dimen-
sional USG with a volumetric probe and the power Doppler mode
may represent a very useful tool for the monitoring of therapy in
patients with chronic arthritis.23
USG is also considered to be the gold standard method for the
detection of Baker’s cysts and a reliable examination for the
evaluation of articular cartilage.24 According to EULAR studies, the
ultrasonographic evaluation of femoral condyle chondral thickness
is in accordance with anatomopathological studies.25 Grassi et al.
stated that USG allows a safe, quick, and careful evaluation of both
normal and osteoarthritic cartilage.26 Jonsson et al. showed that
the reproducibility and precision of femoral condylar cartilage
thickness measurements by USG is good.27 According to Oster-
gaard et al., measurements of femoral condylar cartilage thickness
by USG and MRI were highly correlated in patients with
gonarthritis, osteoarthritis, and in healthy subjects.28 Also Tarhan
et al. found a signiﬁcant correlation between MRI and USG
assessments of the cartilage sharpness and clarity at the femoral
condyles in knees with osteoarthritis.29 Lee at al. reported a
signiﬁcant correlation between USG and histologic gradings in
osteoarthritis.30
To date, there have been only a few reports of ultrasonographic
ﬁndings in patients with Lyme disease. The most frequently
observed abnormalities are: joint effusion with synovitis, enthe-
sophytes, thickening of periarticular tissues, narrowing of joint
space, calciﬁcations of cartilage and in menisci, the presence of
bone erosion, subchondral cysts, osteoporosis, subchondral
sclerotization, and osteophytes.31–33 These results are in accor-
dance with those found in our study. The joint lesions in Lyme
disease patients should by no means be considered speciﬁc for
Lyme disease.
Joint effusion is the ﬁrst clinical symptom of synovial
membrane pathology. It is often accompanied by synovial
membrane proliferation. Many authors have reported a positive
correlation between effusion and synovitis in osteoarthrosis.16,21
Frosch et al. observed effusion in the suprapatellar recess of knees
in 87% of examined patients with juvenile arthritis, and the
effusion was correlated with the intensity of the inﬂammatoryprocess.34 Naredo et al. reported similar results in patients with
exacerbated rheumatoid arthritis.35
In the USA, approximately 10% of patients with Lyme arthritis
develop persistent synovitis, which lasts for months or even
several years after the apparent eradication of the spirochete from
the joint with antibiotic therapy.36 Kalish et al. tried to assess the
long-term impact of Lyme disease. They concluded that Lyme
arthritis may be a risk factor for subsequent mechanical sequelae
in the knee, including degenerative arthritis.37
Because of the non-speciﬁcity of the abnormalities observed in
our patients, it is difﬁcult to assess to what extent these changes
were caused by B. burgdorferi infection. The patients in our study
were mostly middle-aged, an age at which osteoarthritis may
develop. According to Lawrence et al., by the age of 65 years, more
than 80% of the population have radiographic changes consistent
with osteoarthritis at at least one site (hands, feet, spine, knees, or
hips), 40% complain of arthritic symptoms, and 10% report
limitation in activity due to arthritis.38 We also determined in
our study that cartilage damage and effusion were correlated with
patient age.
On the other hand it has to be taken into consideration that the
Lyme disease group and control group were comparable with
regard to age (the mean age was non-signiﬁcantly higher in the
Lyme disease group). Also, the duration of symptoms was
comparable in the two groups. Therefore the higher frequency
of the investigated abnormalities in the knees of Lyme disease
patients in comparison with those of the control group may be
explained by the fact that in patients with a long-term
inﬂammatory process, such as Lyme disease, the features of
osteoarthrosis are more expressed.
Ultrasonography may be useful in following the sequelae of
Lyme disease. However the abnormalities found in Lyme disease
patients are non-speciﬁc and therefore USG is not useful in the
differential diagnosis.
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